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PREFACE 
Water r e s o u r c e  s y s t e m s  have  been  a n  i m p o r t a n t  p a r t  o f  r e s o u r c e  
and env i ronmen t  r e l a t e d  r e s e a r c h  a t  IIASA s i n c e  i t s  i n c e p t i o n .  A s  
demands f o r  w a t e r  i n c r e a s e  r e l a t i v e  t o  s u p p l y ,  t h e  i n t e n s i t y  and  
e f f i c i e n c y  o f  w a t e r  r e s o u r c e  management must  b e  deve loped  f u r t h e r .  
T h i s  i n  t u r n  r e q u i r e s  a n  i n c r e a s e  i n  t h e  d e g r e e  o f  d e t a i l  and so-  
p h i s t i c a t i o n  o f  t h e  a n a l y s i s ,  i n c l u d i n g  economic,  s o c i a l  and  en-  
v i r o n m e n t a l  e v a l u a t i o n  o f  water r e s o u r c e  deve lopment  a l t e r n a t i v e s  
a i d e d  by a p p l i c a t i o n  o f  m a t h e m a t i c a l  model ing  t e c h n i q u e s ,  t o  gen- 
e r a t e  i n p u t s  f o r  p l a n n i n g ,  d e s i g n ,  and o p e r a t i o n a l  d e c i s i o n s .  
T h i s  p a p e r  i s  a c o n t r i b u t i o n  t o  t h e  s t u d y  o f  w a t e r  r e s o u r c e s  
management p rob lems  i n  S o u t h w e s t e r n  ~ k & n e ,  Sweden, c a r r i e d  o u t  by 
t h e  Resources  and Environment Area ( R E N )  o f  IIASA i n  c o l l a b o r a t i o n  
w i t h  t h e  Department  o f  Water Resources  E n g i n e e r i n g  o f  t h e  Lund 
I n s t i t u t e  o f  T e c h n o l o g y / U n i v e r s i t y  o f  Lund (LTH), Sweden. The 
s t u d y  was i n i t i a t e d  and  p u r s u e d  w i t h  t h e  s u p p o r t  o f  t h e  Swedish 
N a t i o n a l  Environment  Board ,  whose encouragement  and f i n a n c i a l  
a s s i s t a n c e  1s g r a t e f u l l y  acknowledged.  The m e t h o d o l o g i c a i  work 
implemented w i t h i n  t h e  framework o f  t h i s  s t u d y  was g e n e r o u s l y  sup-  
p o r t e d  by a g r a n t  f rom t h e  S t i f t u n g  Volkswagenwerk, Hannover ,  
F e d e r a l  Repub l i c  o f  Germany. 
T h i s  p a p e r  i s  conce rned  w i t h  water h a r d n e s s  i n  t h e  m u n i c i p a l  
w a t e r  s u p p l y  s y s t e m s .  A f t e r  a q e n e r a l  o v e r v i e w  o f  t h e  h e a l t h  a s -  
p e c t s  o f  w a t e r  h a r d n e s s ,  t h i s  i s s u e  is d i s c u s s e d  i n  t h e  s p e c i f i c  
c o n t e x t  o f  S o u t h w e s t e r n   kine. 
J a n u s z  K i n d l e r  
Chairman 
Resources  & Environment  Area 
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INTRODUCTION 
Water quality problems have been incorporated into water 
resources systems as an integral part. Therefore regional 
water management has to take into account not only quantitative 
changes, but also qualitative ones that will occur or are 
foreseen to occur. This holds true also for the region of 
Southwestern ~ k a n e  (Sweden), where water hardness can be 
substantially affected by the withdrawal of water from the 
Bolmen Lake. 
Different water resoErces contribute to covering the de- 
mands in Southwestern Skane (Sweden) - both surface water 
and groundwater. The Vomb Lake and Alnarp aquifer are the 
main water resources for the southern part of the area, while 
the Ring Lake and several local groundwater resources are basic 
for the northern part. The development of the water resources 
system will include the Solmen Lake Scheme, which will be 
able to cover all the demands of the region. There is, however, 
a substantial difference in the hardness of water of these 
resources. The sources now available supply water of high or 
medium hardness: even the surface water of lakes has a rela- 
tively high degree of hardness. Water from the Bolmen Lake, 
on the other hand, is very soft. 
The solution of problems related to integration of water 
resources in a regional water resources system is thus compli- 
cated by the changes in water hardness. 
BASIC WATER CHEMISTRY INFORWTION 
Hard w a t e r  i s  under  some c o n d i t i o n s  a p t  t o  form s o l i d  i n -  
c r u s t a t i o n s  i n  p i p e s .  When changes  i n  t h e  h a r d n e s s  o f  t h e  
w a t e r ,  i t s  a c i d i t y  and a l k a l i n i t y  t a k e  p l a c e ,  some d i s s o l v i n g  
t e n d e n c i e s  may o c c u r .  
The e q u i l i b r i u m  be tween t h e  ~ a + +  ( a q )  i o n s  and  COY-  ( a q )  i o n s  
i n  w a t e r  c a n  b e  c h a r a c t e r i z e d  by t h e  s a t u r a t i o n  i n d e x  of  L a n g l i e r  
( 1 9 4 6 ) ,  t h a t  was d e r i v e d  on t h e  b a s i s  of  t h e  e q u a t i o n  
From t h i s  e q u a t i o n ,  pHs i s  d e r i v e d ,  i . e .  t h e  pH v a l u e  a t  
which t h e  c a l c i u m  and t h e  a l k a l i n i t y  a r e  i n  e q u i l i b r i u m  w i t h  
CaC03 ( s )  . The s a t u r a t i o n  i n d e x  S  t h e n  measu res  t h e  " d i s t a n c e "  
i n  pH from t h i s  s t a t e  
where pHa i s  t h e  measured pH o f  t h e  w a t e r .  For  S  ; C t h e  w a t e r  
w i l l  have  t h e  t e n d e n c y  t o  form s o l i d  i n c r u s t a t i o n s  of  CaC03. 
F l e n t j e  (1961)  found  e m p i r i c a l l y  t h a t  t h e  s a t u r a t i o n  i n d e x  
i s  a l s o  a n  i n d i c a t o r  o f  c o r r o s i o n  c o n d i t i o n s  i n  p i p e s .  E s t i -  
m a t i o n  of  t h e  s a t u r a t i o n  i n d e x  i s  s i m p l i f i e d  by u s i n g  F i g u r e  1. 
The raw w a t e r  f rom t h e  Bolmen Lake, f o r  i n s t a n c e ,  h a s  a  
me?? v a l u e  o f  h a r d n e s s  e x p r e s s e d  a s  t h e  c a l c i u m  c o n t e n t  
Ca 8 . 9  mg/l w i t h  pHa = 6 . 7  (mean v a l u e s  of  t h e  o b s e r v a t i o n s  
1971-73 - see Table 1:. T h i s  p o i n t  ( 6 . 7 ;  8 . 9 )  i s  i n  F i g u r e  1 
i n  t h e  s o l u b l e  r e g i o n  of  t h e  d i ag ram.  The pH v a l u e  c o r r e s p o n d -  
i n g  t o  t h e  l e v e l  o f  8 .9  can  b e  r e a d  from t h e  d i ag ram moving 
h o r i z o n t a l l y  a l o n g  t h e  pH o r d i n a t e  u n t i l  t h e  boundary  l e v e l  
i s  r e a c h e d  and  pHs = 9 . 2 .  The L a n g l i e r  i n d e x  S  = 6.7 - 9.2  
= - 2 . 5 .  T h e r e f o r e  t h i s  w a t e r  w i l l  b e  v e r y  c o r r o s i v e  t o  i r o n  
p i p e s .  The w a t e r  a t  t h e  t u n n e l  i n t a k e  h a s  lower  pHa = 5 . 0  
t h a n  t h e  L a n g l i e r  i n d e x ,  which a t  S  = 5  - 9.2  = - 4 . 2  i n d i c a t e s  
even  h i g h e r  c o r r o s i v i t y  of  t h i s  w a t e r .  
HEALTH AS?ECTS 09  NATER HARDNESS 
S i n c e  1957,  when Kobayashi  (1957)  p u b l i s h e d  h i s  r e p o r t  
i n  which t h e  g e o g r a p h i c a l  r e l a t i o n s h i p  be tween c h e m i c a l  prop-  
e r t i e s  of  t h e  r i v e r  w a t e r  and  t h e  d e a t h  r a t e  f rom a p o p l e x y  
was shown, t h e  r e l a t i o n s h i p  o f  h e a l t h  t o  d r i n k i n g  w a t e r  h a s  been  
s t u d i e d  more i n t e n s i v e l y .  The r e l a t i o n s h i p  between w a t e r  
h a r d n e s s  and  c a r d i o v a s c u l a r  d i s e a s e  h a s  been  e s p e c i a l l y  
t h o r o u g h l y  i n v e s t i g a t e d .  
Figure 1. Determination of saturation index ( 1 5' C )  . 
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